Introduction {#Sec1}
============

Periodontal disease is one of the most common chronic diseases, with a gradually increasing prevalence worldwide^[@CR1]^. The United States National Health and Nutrition Examination Survey (NHANES) showed that the periodontal disease prevalence in adults age 30 years or older decreased from 47.2% (NHANES 2009--2010) to 44.8% (NHANES 2011--2012)^[@CR2],[@CR3]^. In Taiwan, it was estimated that approximately 54% of adults aged 35--44 years had mild to severe periodontitis^[@CR4]^. The prevalence of periodontal disease has significantly increased in Taiwan over the past 17 years^[@CR5]^. Periodontal disease induces a series of immune inflammatory responses that lead to the destruction of periodontal tissues and even tooth loss^[@CR6]^. Clinical evidence indicates that cardiovascular diseases, diabetes mellitus, and other chronic diseases may be associated with periodontal inflammation^[@CR1]^.

Reactive oxygen species (ROS), such as superoxide and hydroxyl species, are regulated by the thioredoxin (TRX) and peroxiredoxin (PRX) systems to transduce redox signals and alter activities of antioxidant enzymes to eliminate free radicals^[@CR7]^. When ROS are generated, the TRX system is stimulated and transduces redox signals to alter the activities of antioxidant enzymes, such as superoxide dismutase (SOD), catalase, and glutathione peroxidase (GPx), to eliminate free radicals. Dismutation of the superoxide radical (O2•−), which is released from ROS, is catalyzed by SOD, which transforms it into hydrogen peroxide (H~2~O~2~). H~2~O~2~ is scavenged by catalase, peroxiredoxin-2 (Prx2), and glutathione, by transforms it into H~2~O and O~2~^[@CR8]^. Those antioxidants are induced when oxidative stress is relieved. Salivary oxidative biomarkers, such as the total oxidant status and SOD, have been useful in evaluating the severity of periodontal disease^[@CR9]^. The association between the salivary oxidative status and periodontal disease in previous studies is conflicting^[@CR10]--[@CR12]^. The roles oxidative stress biomarkers play in the entire process of generating ROS in periodontitis need to be investigated.

Cigarette smoking is one of the most important risk factors for periodontal disease^[@CR1]^. In the USA, 41.9% of adult periodontitis cases are attributable to current cigarette smoking and 10.9% to former smoking^[@CR13]^. In the USA, the prevalence of periodontal disease is approximately 40%, and current smokers have at least a 50% greater likelihood of periodontitis in comparison with non-smokers^[@CR14]^. Epidemiological studies have shown that smokers have less improvement than nonsmokers following non-surgical periodontal treatment^[@CR15]^. Exposure to cigarette smoke increases the levels of ROS, which are harmful to the human body due to their disruption of redox homeostasis^[@CR16]--[@CR18]^. Cigarette smoking may interfere with the oxidative stress mechanisms of periodontal tissues, inhibit defenses against plaque bacteria, and lead to vascular constriction and slow wound healing^[@CR19]^. Research on oxidative stress has largely focused on the role and effect of oxidative stress in protecting these molecules from damage. However, associations between salivary oxidative stress, the smoking status, and the effectiveness of periodontal treatment are rarely mentioned.

The goal of periodontal treatment is to achieve effective infection control, recover periodontal function, and maintain the esthetics of dentition^[@CR20]^. However, inferior treatment responses related to the redox homeostasis and individual susceptibility are seldom reported. Our hypothesis was that smoking affects periodontal treatment through induction of oxidative stress. The aim of the present study was to evaluate the associations between cigarette use and salivary oxidative stress biomarkers in subjects undergoing non-surgical periodontal therapy.

Results {#Sec2}
=======

Demographic characteristics stratified by the smoking status of the study subjects are described in Table [1](#Tab1){ref-type="table"}. The median ages were 55.24, 59.48, 61.19, and 50.25 years among non-smoking females, non-smoking males, male former smokers, and male current smokers, respectively (p = 0.03, Kruskal-Wallis test). The age of male former smokers was significantly higher than those in male current smokers after Bonferroni post hot test. Current smokers had high rates of alcohol consumption and exposure to environmental tobacco smoke. In a further comparison of smoking habits between former and current smokers, there were no statistically significant differences regarding the smoking quantity, duration, or pack-years and no statistically significant differences existed for the educational level, marital status, or salivary properties between these four groups (Table [S1](#MOESM1){ref-type="media"}).Table 1Baseline characteristics of non-smokers, former smokers, and current smokers.FemaleMale*p* valueNon-smokerNon-smokerFormer smokerCurrent smokerTotal subject Number88392119Annual income (NTD), N (%)  \<500,00061 (69.32)20 (51.28)9 (42.86)5 (26.32)0.01^a^  500,000\~1,000,00016 (18.18)7 (17.95)5 (23.81)7 (36.84)  \>1,000,00011 (12.50)12 (30.77)7 (33.33)7 (36.84)Alcohol consumption, N (%)  Never81 (92.05)25 (64.10)6 (28.57)11 (57.89)\<0.01^a^  Former/current7 (7.95)14 (35.90)15 (71.43)8 (42.11)Environmental tobacco smoke, N (%)  No70 (79.55)30 (76.92)19 (90.48)10 (52.63)0.04^a^  Yes18 (20.45)9 (23.08)2 (9.52)9 (47.37)  Age, median (QD)55.24 (3.58)59.48 (10.55)61.19 (6.02)50.25 (5.90)0.03^b^QD, quartile deviation. NTD, New Taiwan dollars (in 2016, the average exchange rate was US\$1.00 ≈ NTD30). ^a^p value for Kruskal-Wallis test. ^b^p value for Wilcoxon rank-sum test.

Figure [1](#Fig1){ref-type="fig"} shows the clinical parameters of subjects at baseline and after treatment stratified by gender and smoking status. The before and after treatment data (median, first quartile and third quartile) of clinical parameters are listed in Table [S2](#MOESM1){ref-type="media"}. Baseline BOP in male smokers was significantly lower than those in female or male non-smokers. Baseline PI, PD mean or after treatment clinical parameters were similar between those groups which stratified by gender and smoking status. All of the clinical parameters were significantly lower than those at baseline in each stratum of gender and smoking status (Fig. [1A to C](#Fig1){ref-type="fig"}, p \< 0.0001). To evaluate the association between smoking effect and clinical treatment efficiency, the reduction of clinical parameters from baseline and after completing treatment were showed in Fig. [1D](#Fig1){ref-type="fig"}. The reduction of PI or BOP was calculated by subtracting the PI or BOP at after completing treatment from that at baseline. The PD recovery rate was defined as an above 2 mm improvement of pocket depth for east one periodontal pocket of 5--9 mm on each side of the mouth. All the reduction data (median, first quartile and third quartile) of clinical parameters are listed in Table [S3](#MOESM1){ref-type="media"}. BOP reduction in male smokers was significantly lower than those in female or male smokers (p \< 0.05). The reduction of PI, PD mean and PD recovery rate were similar between female non-smokers, male non-smokers, male former smokers, and male current smokers (Fig. [1D](#Fig1){ref-type="fig"}).Figure 1Periodontal parameters classified by smoking status at baseline and treatment completion. \*\*\*p value \< 0.0001, Wilcoxon signed-rank test. \*p value \< 0.05, Kruskal-Wallis test and Bonferroni post hoc test. (**A**) PI; (**B**) BOP; (**C**) mean probing depth; (**D**) reduction in clinical parameters strata by smoking status.

Figure [2](#Fig2){ref-type="fig"} shows the salivary oxidative stress biomarker levels at baseline and after completing treatment by gender and smoking status. For non-smoking males, all of five salivary markers were significantly decreased after treatment completion. The before and after treatment data (median, first quartile and third quartile) of five salivary markers are listed in Table [S4](#MOESM1){ref-type="media"}. Similar decreases for Cu/ZnSOD, MnSOD, and catalase were observed among non-smoking females. For former smokers, the median MnSOD and catalase levels significantly decreased from 5.67 to 1.86 µg/mL (*p* \< 0.01) and 287.13 to 108.51 µg/mL (*p* = 0.03), respectively. For current smokers, only catalase was significantly increased after treatment: the median dropped from 116.22 to 67.1 µg/mL (*p* = 0.01). No significant differences in the Trx1 level between baseline and after treatment were found in the 4 groups. The reductions of five salivary biomarkers were similar between female non-smokers, male non-smokers, male former smokers, and male current smokers (Fig. [2F](#Fig2){ref-type="fig"}).Figure 2Salivary antioxidant biomarker levels at baseline and treatment completion. (**A**) Cu/ZnSOD; (**B**) MnSOD; (**C**) Log of catalase; (**D**) Log of TRX1; (**E**) Log of PRX2; (**F**) reduction in antioxidant biomarker strata by smoking status. \*p value \< 0.05, \*\*p value \< 0.001, \*\*\*p value \< 0.0001 by Wilcoxon signed-rank test.

Table [2](#Tab2){ref-type="table"} shows Spearman's correlation coefficients between the periodontal parameters and five biomarkers of oxidative stress. At baseline, the Cu/ZnSOD, MnSOD, and catalase levels were significantly associated with the PI (*r* = 0.29--0.30, *p* \< 0.01) and BOP (*r* = 0.31--0.42, *p* \< 0.01). After completion of treatment, a significant correlation only existed between BOP and catalase (*r* = 0.22, *p* \< 0.01).Table 2Spearman correlation coefficients between the periodontal parameters and antioxidants at baseline and after completing treatment.BaselinePI (%)BOP (%)PD recovery (%)Cu/ZnSOD (µg/ml)0.30\*\*0.31\*\*0.05MnSOD (µg/ml)0.29\*\*0.39\*\*0.15Catalase (µg/ml)0.29\*\*0.42\*\*0.14Trx1 (µg/ml)0.12−0.100.03Prx2 (µg/ml)−0.04−0.030.05**After completing treatmentPI (%)BOP (%)PD recovery (%)**Cu/ZnSOD (µg/ml)0.140.14−0.10MnSOD (µg/ml)0.020.150.04Catalase (µg/ml)0.080.22\*\*0.01Trx1 (µg/ml)−0.060.050.01Prx2 (µg/ml)0.120.04−0.08\**p* \< 0.05; \*\**p* \< 0.01.PI, plaque index; BOP, bleeding on probing; PD, pocket depth; Cu/ZnSOD, copper-zinc superoxide dismutase; MnSOD, manganese superoxide dismutase; CAT, catalase; Trx1, thioredoxin-1; Prx2, peroxiredoxin-2.

Repeated-measures ANOVA was used to calculate the adjusted changes in PI, BOP and PD mean for the combined effect of smoking status and the differences in salivary oxidative stress marker levels (Table [3](#Tab3){ref-type="table"}). Smoking status had a significant effect on BOP (p = 0.01--0.04), but the effect was not found in the PI or PD mean. Salivary ΔCu/Zn SOD had a significant effect on PI (p = 0.03) and BOP (p = 0.04). Salivary ΔMnSOD had a significant effect on PD mean (p = 0.04). Salivary ΔCatalase had a significant effect on BOP (p \< 0.001). There was a significant interaction between smoking status and ΔCu/Zn SOD on PI (p = 0.03). The change of PI with time in male non-smoker who had ΔCu/Zn SOD \< 0 µg/ml were significantly lower than those in male non-smoker who had ΔCu/Zn SOD \> 5.4 µg/ml (PI change mean valve: 2.24% v.s. 32.94%, respectively; Bonferroni correction adjusted p value was 0.03). Although there was no significant effect of smoking status or ΔTrx1 on PI (p = 0.30 and 0.69), there was a significant interaction between smoking status and ΔTrx1 on PI (p = 0.04). There was no any significantly difference across subgroup of smoking status and ΔTrx1 strata. Finally, there was a significant interaction between smoking status and ΔCatalase on BOP. The change of BOP with time in female non-smoker who had ΔCatalase \> 225 µg/ml were significantly higher than those in male non-smoker or male smoker who had ΔCatalase 0--255 µg/ml (BOP change mean valve: 32.12% v.s. 13.11% or 8.87%, respectively; Bonferroni correction adjusted p value was \<0.01 and 0.04, respectively). The change of BOP with time in male non-smoker who had ΔCatalase \>225 µg/ml were significantly higher those in male non-smoker who had ΔCatalase 0--255 µg/ml or male former smoker who had Δcatalase \>225 µg/ml or male smoker who had ΔCatalase 0--255 µg/ml or had Δcatalase \>255 µg/ml (BOP change mean valve: 32.12% v.s. 13.11% or 12.37% or 8.87% or 5.17%, respectively; Bonferroni correction adjusted p value was \<0.001, 0.03, \<0.01 and \<0.01, respectively).Table 3Results of two-way repeated-measures ANOVA comparing the main effects of smoking status and oxidative stress markers on the clinical parameters.Dependent variablePI (%)BOP (%)PD mean (mm)Independent variableF valueP valueF valueP valueF valueP valueSmoking status effect1.500.222.680.042.090.10ΔCu/Zn SOD effect3.760.033.380.040.360.70Smoking status × ΔCu/Zn SOD effect2.400.031.030.411.260.28Smoking status effect0.530.663.490.021.160.33ΔMnSOD effect1.110.331.360.263.30.04Smoking status × ΔMnSOD effect1.440.200.340.920.320.93Smoking status effect0.870.463.860.010.590.62ΔCatalase effect4.550.015.7\<0.0011.610.20Smoking status × ΔCatalase effect0.430.862.590.021.230.29Smoking status effect1.220.303.160.031.240.30ΔTrx1 effect0.380.690.820.440.280.75Smoking status × ΔTrx1 effect2.260.040.420.870.310.93Smoking status effect0.790.502.690.040.940.42ΔPrx2 effect0.270.771.150.320.060.94Smoking status × ΔPrx2 effect0.360.900.790.580.190.98PI, plaque index; BOP, bleeding on probing; PD, pocket depth; SOD1, copper-zinc superoxide dismutase; SOD2, manganese superoxide dismutase; CAT, catalase; TRX1, thioredoxin-1; PRX2, peroxiredoxin-2.

Discussion {#Sec3}
==========

In this study, the majority of participants exhibited good responses to non-surgical periodontal treatments. The overall reductions in PI and BOP were 31.56% and 42.16%, respectively. Compared to other studies, the reductions in PI and BOP in this study were clinically acceptable^[@CR21]--[@CR23]^. Approximately 20% of patients still had increases in PI and BOP after treatment, and no significant difference regarding the smoking status of these patients existed. The outcomes of non-surgical periodontal therapy may be influenced by many factors. Cigarette smoking has *adverse effects* on periodontal treatments^[@CR24]--[@CR26]^. Preshaw *et al*. indicated that non-smokers tended to have less advanced periodontitis at baseline and better responses to non-surgical periodontal treatment^[@CR27]^. Smoking is an important risk factor for periodontitis and other factors that influence the PI and BOP. The percentage of patients who required further periodontitis treatment was higher for smokers (42.8%) than for non-smokers (11.5%) after periodontal therapy^[@CR28]^. The risk of treatment failure in smokers was 3.8 times that of non-smokers. BOP is an important index used to evaluate infection control during periodontitis treatment and reflects the inflammatory response when the gingiva is exposed to bacterial pathogens and the severity of inflammation^[@CR21],[@CR23]^. In this study, current smokers had a lower percentage reduction in BOP compared to non-smokers and smoking status had a significant effect on BOP reduction.

In healthy gingiva, cigarette smoking acute exposure induced vascular constriction and gingival hyperaemia via systemic blood pressure increase^[@CR29]^. But in the periodontitis patients, the BOP in smoker was significantly lower than non-smoker^[@CR30]^. In our study, BOP in smoker was lower than those in the non-smoker. Effect on cigarette smoking in the healthy gingiva was different from periodontitis gingiva, and this difference may interference by the periodontal pathogen. As well as the periodontal pathogen, cigarette smoking also induced the inflammatory effect. Burning or heating of tobacco generates thousands of chemicals, and cigarette smoke modulates inflammation and promotes chronic inflammation by a variety of mechanisms^[@CR18]^. Periodontal pathogen infection causes inflammation and oxidative stress and leads to the destruction of periodontal tissues^[@CR31],[@CR32]^. Studies have also revealed that a *P. gingivalis* challenge can enhance pro-inflammatory factor production in human gingival human gingival fibroblasts and periodontal ligament fibroblasts^[@CR33]^. Non-surgical periodontal treatments, such as scaling and oral hygiene instructions (including smoking cessation counseling), can eliminate periodontal pathogens and inflammation^[@CR34],[@CR35]^. Post-operative BOP % were similar between those groups which stratified by gender and smoking status (Table [S2](#MOESM1){ref-type="media"}) in this study, a significant interaction between smoking status and salivary catalase in BOP reduction was shown in this study. Cigarette smoking interferes with redox homeostasis and influences the periodontal disease activity.

Oxidative stress is an imbalance between the production of ROS and removal of reactive intermediates, including hydrogen peroxide, nitric oxide, superoxide, and other hydroxyl radicals. Specific oxidative stress biomarkers, such as SOD, reflect the severity of disease and effectiveness of periodontal treatment^[@CR9]^. A low total antioxidant status has been reported in patients with periodontal disease due to the damaging effects of ROS^[@CR36]^. A similar study indicated that the total antioxidant capacity was lower in patients with periodontitis than in healthy subjects^[@CR37]^. Salivary total antioxidants and SOD remained unchanged in the control group (without periodontal therapy) of another study^[@CR38]^. The SOD level has been correlated with many inflammatory diseases and could reflect the onset of disease^[@CR39]^. Wei *et al*. found that the salivary SOD levels of chronic periodontitis patients significantly decreased after treatment (from 216.4 ± 36.8 to 169.8 ± 23.7 U/mg protein, *p* \< 0.05)^[@CR12]^, and a similar phenomenon was found for serum SOD. Novakovic *et al*. found that patients with periodontitis had higher SOD compared to periodontally healthy subjects and that the salivary SOD level significantly decreased after non-surgical treatment (from 0.45 ± 0.12 to 0.39 ± 0.23 IU/L, *p* \< 0.01)^[@CR38]^. The results of this study are consistent with the studies mentioned above; salivary SOD was associated with the PI and BOP at baseline and decreased after treatment. In addition, smokers had lower reductions in SOD compared to former smokers and non-smokers. An increase in SOD activity may be accompanied by an early inflammatory syndrome, while its alleviation occurs in response to pathological progression.

The influences of cigarette smoking on these five salivary oxidative biomarkers were not apparent in this study. There were no significant differences in the salivary antioxidant biomarker levels among non-smokers and former and current smokers at baseline or after completing treatment. A similar phenomenon was also indicated in other studies, which found that cigarette smoking did not influence the activities of antioxidant enzymes in humans^[@CR40]--[@CR42]^. However, it is worth noting that changes in oxidative stress markers after periodontal treatment in smoking subjects did occur. In this study, a significant interaction between smoking status and ΔCu/Zn SOD or ΔTrx1 at baseline and after treatment PI was shown. This finding implies that cigarette smoking interferes with redox homeostasis in the body, alters antioxidant levels in balancing ROS, and influences the periodontal disease activity.

Effective plaque control is the most important step in preventing dental caries and periodontal diseases^[@CR43]^. The risk factors for periodontal disease, such as age, gender, educational level, an unhealthy diet, tobacco use, alcohol use, and dental care, have been examined in epidemiological studies^[@CR1]^. The percentage of plaque present is a sensitive index that varies with food intake and oral hygiene. In an animal model, the dental plaque level decreased when rats were treated with an antioxidant-containing diet^[@CR44]^. SOD defenses against oxidative stress which was caused by ROS accumulation. SOD is an oxidative stress biomarker, and higher SOD indicates higher oxidative stress. In this study, PI reduction was significantly accompanied by decreased SOD in non-smoking males and females. In non-smokers, having good oral hygiene (a lower plaque index) can decrease salivary oxidative stress.

Biofluids, such as serum, saliva, and gingival crevicular fluid, have been proposed to be good sources for prognostic biomarkers for periodontal tissue conditions, oxidant status, and therapy outcomes^[@CR12],[@CR38],[@CR45]^. Accumulating evidence shows that the inflammatory mediators in saliva could be a biomarker for oral diseases, including oral cancer and periodontal disease. The association between biomarkers in gingival crevicular fluid (GSF) and periodontitis is less relevant than the association between salivary biomarkers and periodontitis (p = 0.04 vs. p \< 0.001)^[@CR46]^. The quality and quantity of publications on GSF are lower than for the other types of specimens^[@CR47]^. Saliva samples, which contain unique information on oral physiological changes, can be useful diagnostic tools for periodontal diseases^[@CR48]^. Saliva not only represents systemic circulation but is also easier to access and more widely applicable.

In this study, 57.5% of smokers had an alcohol consumption habit. Animal studies showed that alcohol consumption reduced plasma antioxidant activities (such as those of Cu/ZnSOD, MnSOD, CAT, and glutathione peroxidase) in a dose-dependent manner. On the other hand, alcohol-induced oxidative stress may be attributed to the promotion of membrane lipid peroxidation^[@CR49]^. Epidemiological evidence reveals that alcohol consumption leads to overproduction of ROS and a decrease in anti-oxidative defense^[@CR50]^. In this study, alcohol consumption status had no effect on the change of clinical parameters or salivary oxidative stress markers. The interaction between alcohol consumption and salivary oxidative stress markers was also not found in the clinical parameters changes. The interaction between smoking and alcohol in oxidative stress and periodontal disease activity needs to be investigated further.

Only one periodontist performed the examinations in this study, so the effects of therapy might be biased by reliability. This periodontist had more than ten years of clinical experience in periodontal disease treatment and standard periodontal diagnostic criteria, so the diagnosis and clinical evaluation in the present study should be reliable. This is a single study and has limited statistical power for salivary Trx1 and Prx2 analyses, so the precision of our estimates is threatened by the small sample. Because of the limited sample size, we should interpret our results (interaction between smoking status and ΔTrx1 on PI) with caution. In spite of the significant associations between oxidative stress markers and periodontal disease, the major limitation of this study was that the levels of oxidative stress are also influenced by other environmental factors and nutrition intake. To reduce inter-subject variability from the salivary biomarker estimates of the treatment effect, all of the salivary biomarkers were compared within the same subject in this study. Although this study showed an interaction between catalase and smoking status in BOP% reduction, female smokers were not included in this study, and the results of this study may not be able to be generalized or extrapolated to populations of female smokers. Smoking cessation and consumption of antioxidant-rich foods or potent antioxidant supplements during periodontal treatment could have reduced inflammation and promoted infection control. Further study is required to demonstrate the influence of the internal exposure dose of smoking, such as nicotine- or tobacco-specific nitrosamine metabolism, and to clarify the mechanism by which smoking and salivary antioxidants affect the quality and effectiveness of periodontal treatment.

Methods {#Sec4}
=======

Subject recruitment {#Sec5}
-------------------

This is an observational study, and it had no control group. Participants were enrolled from the Department of Periodontology at Taipei Medical University Hospital between July 2013 and April 2016. The periodontal diagnostic criteria were based on the classification of the American Academy of Periodontology^[@CR51]^ and International Classification of Disease code 523 (ICD-9 523). The code ICD-9 523 was used to diagnose gingival and periodontal diseases, including chronic and aggressive periodontitis. The inclusion criteria were as follows: the patient had been diagnosed with ICD-9 523 and eligible for comprehensive periodontal treatment project (CTPT), which a National Health Insurance (NHI) program is to reduce periodontal disease in Taiwan^[@CR52]^; and this was their first visit for periodontitis treatment; and the number of functional teeth was \>15, the probing depth was ≥5 mm for at least six teeth; and the patient had been treated with non-surgical therapy. Patients who had received periodontal therapy, were pregnant, or had been diagnosed with cancer were excluded from the study. This study was approved by the Research Ethics Committee of Taipei Medical University Joint Institutional Review Board (Taipei, Taiwan) and complied with the World Medical Association's *Declaration of Helsinki*.

Figure [3](#Fig3){ref-type="fig"} is a flowchart of participant enrollment. Once patients completed the informed consent form, well-trained interviewers carried out standardized personal interviews based on a structured questionnaire (*N* = 214). The information on the questionnaire included demographics, socioeconomic status, cigarette smoking status (quantity, duration, and pack-years), alcohol consumption, and frequency of betel nut chewing. In total, 186 subjects completed scaling and root planing (once per week for 4 consecutive weeks). The information on the individual and family medical histories, such as inflammatory diseases and cardiovascular diseases, was requested by using the structured questionnaire and medical records. In this study, even though systemic diseases were related to smoking status, no significant differences regarding oxidative stress was found between participants with and without the systemic diseases or with and without medication use. Participants verified their smoking history, including age at start, time since quitting, duration and intensity. A smoker was defined as one who smoked tobacco regularly more than three days per week for a duration exceeding six months. After excluding those with incomplete data on clinical indices, 167 subjects (88 non-smoking females, 39 non-smoking males, 21 former male smokers, and 19 current male smokers) were recruited for this study.Figure 3Flowchart of participants' enrollment.

In this study, we planned a study with 167 pairs of saliva samples to measure five salivary oxidative stress markers. If the standard deviation of salivary Cu/Zn SOD, MnSOD, and Catalase was 9.47 or 4.55 or 58822.98 µg/ml and if the true difference in the mean response of matched pairs was 2.97, 2.41, and 15259.69 µg/ml, respectively, we would be able to reject the null hypothesis that this response difference is zero with a power of 0.98, 1.00, and 0.91, respectively. The power for Trx1 and Prx2 was 0.25 and 0.11, respectively.

Saliva collection and physical properties of saliva {#Sec6}
---------------------------------------------------

Saliva samples were collected when participants visited our outpatient clinic. Samples were taken at baseline (before non-surgical intervention) and 1 week after completing clinical treatment. Saliva specimens collation and storage were modified from a previous study^[@CR10]^. Subjects rinsed their mouth with water to remove food residue and waited at least 10 minutes after rinsing to avoid specimen dilution before saliva collection. Stimulated saliva specimens were collected by chewing paraffin wax for 5 min before periodontal treatment, and the pH, flow rate, and buffer capacity were determined using a Saliva-Check kit (GC Corporation, Tokyo, Japan). After collection, samples were stored in an ice bucket and transported to the laboratory immediately. A protease inhibitor cocktail (Roche Applied Science, Mannheim, Germany) was added to saliva samples at a ratio of 1 ml of saliva: 10 µL of protease inhibitor cocktail. After adding the protease inhibitor, the saliva specimen was centrifuged (3000 rpm) for 3 min at room temperature, and the supernatants were stored at −20 °C until analysis of oxidative stress biomarkers.

Salivary oxidative stress determination {#Sec7}
---------------------------------------

After salivary proteins were measured by the Bradford protein assay^[@CR53]^, five oxidative stress biomarkers, copper-zinc (Cu/Zn) SOD, manganese (Mn) SOD, catalase, thioredoxin-1 (Trx1), and peroxiredoxin-2 (Prx2), were determined using a MILLIPLEX® MAP Human Oxidative Stress Magnetic Bead Panel kit (Merck Millipore, Darmstadt, Germany). Utilizing internally color-coded microspheres with two fluorescent dyes and by using precise concentrations of these dyes, distinctly colored beads were created and coated with a specific capture antibody. The procedure was as described below. Each sample (35 μL) was diluted to an identical quantity of protein (10 µg) with assay buffer, added to a 96-well plate, mixed with 35 μL of assay buffer and 25 μL of antibody-immobilized beads, and incubated for 2 h at room temperature, followed by incubation with detection antibodies (50 μL) and streptavidin phycoerythrin (50 μL). The mean fluorescence intensity was determined, and the concentrations of five oxidative stress biomarkers were calculated by comparing the fluorescence units to a calibration curve (0.55 µg/ml, 1.65 µg/ml, 4.94 µg/ml, 14.81 µg/ml, 44.44 µg/ml, 133.33 µg/ml, 400 µg/ml). The *R*-squared value for the standard curve was \>0.995. The coefficient of variance (CV) for the intra-assay ranged from 3.49% to 8.10%, and the CV for the inter-assay ranged from 1.22% to 12.30%. The extent of change (Δ) of each of the five salivary biomarkers was calculated by subtracting the concentration at baseline from that after completing treatment. To ensure that researchers did not bias the results of the salivary oxidative stress laboratory tests, the assays were performed in a single-blind design.

Periodontal clinical evaluation {#Sec8}
-------------------------------

All clinical examinations and non-surgical therapy were carried out by a periodontist. Non-surgical periodontal treatment included subgingival scaling, root planing, and oral hygiene instructions. Initially, each patient received scaling and tooth-brushing instructions. To improve the efficacy of periodontal therapy, smoking subjects were told to stop/reduce cigarette smoking during non-surgical periodontal therapy. Some smokers obeyed the instruction to reduce cigarette smoking when they were under non-surgical periodontal therapy, but none of them quit. Afterwards, root planing was implemented once per week for 4 weeks. Mechanical subgingival instrumentation was performed using hand instruments (Gracey curette No. 1/2, 3/4, 11/12, and 13/14) and a scaling tip. The clinical parameters, such as the plaque index (PI), bleeding on probing (BOP), and probing depth (PD), were collected at baseline and after completing clinical treatment. The PI measurement was based on the plaque control record^[@CR54]^ and both soft debris and mineralized deposits on the four surfaces (buccal, lingual, mesial, and distal) of each tooth, and the presence or absence of plaque was recorded for all sites. PI was calculated by dividing the number of plaque-containing surfaces by the total number of available surfaces. BOP and PD were measured using a periodontal probe at six sites (distobuccal, buccal, mesiobuccal, distolingual, lingual, and mesiolingual) on each tooth. The PD recovery rate was defined as an improvement in the PD of \>2 mm for at least one periodontal pocket of 5--9 mm on each side of the mouth. Periodontal examinations at baseline and after treatment were performed by the same periodontist.

Statistical analysis {#Sec9}
--------------------

All statistical analyses were performed with SAS 9.4 (SAS Institute, Cary, NC, USA). The association between the demographic characteristics and smoking status were determined by the chi-squared test (categorical variables) and Wilcoxon rank-sum test or Kruskal-Wallis test with Bonferroni post hot test (continuous variables). The median and quartile deviation (QD) of the clinical measurements and salivary marker levels at baseline and after treatment according to the smoking status are presented in a histogram. The Wilcoxon signed-rank test was used to compare the periodontal parameters and salivary antioxidant biomarkers at baseline and after completing clinical treatment. The strength of the correlation between the periodontal parameters and salivary antioxidant biomarkers at baseline or after completing clinical treatment was determined by Spearman's correlation coefficient. The minimal and maxima data of Cu/Zn SOD, MnSOD, catalase, TRX1and PRX2 in baseline were 0.96--88.3, 0.26--25.65, 1.17--377253.00, 0.20--1001.00, and 0.15--4504.00 µg/ml, respectively. The minimal and maxima data of Cu/Zn SOD, MnSOD, catalase, TRX1and PRX2 after treatment were 0.22--52.76, 0.18--19.49, 0.44--117811.00, 11.45--1015.00 and 0.14--8441.00 µg/ml, respectively. The ranges of data on catalase, TRX1and PRX2 were wildly and were log-transformed for boxplot presentation of Fig. [2](#Fig2){ref-type="fig"}. To further explore the interaction between salivary antioxidant biomarkers and smoking on periodontal clinical parameters, two-way repeated-measures ANOVA was performed comparing subject performance according to the clinical parameters before and after treatment, using the smoking status and oxidative stress marker difference as the main effects (independent variables). The effect of smoking status was classified into non-smoking females, non-smoking males, former smoking males, and currently smoking males (four levels). The effects of the differences in the five salivary oxidative stress markers were classified into three levels. The cutoff points distinguishing the three levels were zero and the median of the values that were above zero. For example, 61 subjects had a ΔCu/Zn SOD that was less than zero, and the median of the other subjects' (N = 106) ΔCu/Zn SOD was 5.4 µg/ml. The cutoff points creating the three levels of ΔCu/Zn SOD were thus 0 and 5.4, meaning the three levels of ΔCu/Zn SOD were \<0, 0--5.4 µg/ml, and ≥5.4 µg/ml. The median values of ΔMnSOD, ΔCatalase, ΔTrx1 and ΔPrx2 that were above 0 were 2.5, 225, 185, and 0.6 µg/ml, respectively. If the interactions of smoking status and oxidative stress marker difference were showed significance in clinical parameters, post-hoc with Bonferroni correction after two-way ANOVA with repeated measure was used to test the difference. The level of statistical significance was *p* \< 0.05.
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